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FLOW CONTROL VALVE 

The present invention relates to a flow control valve for delivering a substantially constant 
flow rate of fluid irrespective of the differential pressure across the valve. 

5 For convenience, the invention will be described with particular reference to an application 
in a re-circulating hot water radiator central heating system, but it will be appreciated that 
its uses are not so limited and, indeed, it has wide apphcability in fluid systems generally. 

It is conventional practice to use calibration valves to balance the distribution of flows in 
large central heating systems such as in a multi-storey office block. A primary pipe loop 
1 0 re-circulates pumped heated water from the boiler usually located in the basement to the 
uppermost floor. At each floor a secondary piping loop is directly connected to the primary 
loop and feeds a series of radiators connected between the supply and return pipes of the 
secondary loop. Tertiary pipe loops may also be connected to secondary loops, and so 
forth. Clearly, the differential pressure across any pipe loop is dependent upon the height 
"15 of the entry and exit points from the boiler and the individual pipe run friction losses. In 
addition to the difficulties caused by this, the flows required to meet the heating 
requirements on each floor are not necessarily the same and indeed may even change on a 
daily basis as a function of individual requirements (turning radiators on and off) or 
occupancy. 

20 To obtain the desired distribution of flows necessitates the use of balancing valves, which 
arc usually fitted between the last radiator and the connection from the return pipe of the 
secondary loop to the primary loop, or the tertiary pipe loop to the secondary and so forth. 
To set the design flow manually the degree of throttling of any particular balancing valve 
necessitates that a flow meter is also installed in the pipe loop. The flow meter is usually 

25 but not exclusively connected by way of differential pressure tappings across the balcincing 
valve. However, adjusting the setting of any one valve afl'ecis the differential pressure 
across ait the other valves, thus manual adjustment is both time-consuming and inaccurate. 
Furthermore, if a change occurs in either the head flow characteristic of the pump or tlie 



2 

individual friction resistance of any of the individual pipes, this too may alter the optimal 
setting of one or all of the balance valves. 

An alternative and preferable approach is to use constant flow valves. A common 
arrangement uses a variable orifice set against a spring so that the differential pressure 
5 determines the degree of occlusion across the variable orifice. In one such variable orifice 
type valve, sold by Hattersley Newman Hender Limited under tlie trademark AUTOFLOW, 
the variable orifice is formed in the side wall of a spring-biased piston, which moves 
relative to a sleeve according to the differential pressure. The oritice area is divided into 
a front facing fixed orifice and one or more side orifices such that the combined variable 

1 0 discharge area yields the design flow over the required range of differential pressures. This 
yields both primary and secondary flow paths. When the differential pressure is low, a 
large discharge area is provided and when the differential pressure is high, the spring is 
compressed and the sleeve partially occludes the orifice, thereby maintaining a substantially 
constant flow rate. The piston and the spring may be provided in the form of a cartridge 

15 that can be removed from the main valve body and replaced with another cartridge 
providing a different flow rate and/or different pressure range. 

A number of problems exist with this arrangement: first, for low and very low flows the 
Reynolds numbers are in the lamina or transitional regime of flows, which can cause a lack 
of repeatability due to the variability in the profile of the approach flow. Second, the 

20 variable occlusions machmed in the side walls to provide the required constant flow rates 
necessitate very accurate machining. Tn conventional tbrm this approach also necessitates 
that an individual and precise geometry of the variable occlusions is required for any given 
flow. Owing to the existence of one or more flow paths through the piston orifices, the 
division of flow between the paths is not necessarily repeatable and therefore this 

25 arrangement tends to lead to hysteresis between rising and falling secondary pipe 
resistances- This can result in the flowrate tolerance being outside the industry expected 
limits of ± 5%. 

Another flow control valve described in US 3,464,439 (Budzich) has a resiliently-biased 
piston mounted for sliding movement in a cylinder. The piston has an inlet opening in its 
30 end face and a number of outlet openings in its side wall. The inlet opening is partially 
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occluded by a tapered probe that extends through the opening, leaving an annular flow 
passageway. The outlet openings are also partially occluded by the walls of the cylinder. 
The position of the piston depends on the differential pressure across the valve, the degree 
of occlusion of both the inlet and outlet openings increasing as the differential pressure 
5 increases. 

The flow path through the valve is complicated leading to unpredictable flow patterns and 
poor flow control, particularly at low differential pressures. The device also relies on the 
use of two sets of shaped apertures, requiring complicated and difficult machining 
operations, and is mechanically complex. 

10 WO 00/03597 (May) describes an adjustable flow control valve including a resiliently- 
biased piston and an adjustable throttle plate that is positioned adjacent one edge of the 
piston. The distance between the throttle plate and tlie piston can be adjusted to adjust the 
flow rate through the valve. The valve is mechanically complex and requires the use of 
complicated manufacturing processes. 

15 It is an object of the present invention to provide a flow control valve that mitigates at least 
some of the disadvantages associated with the previous flow control valves, as described 
above. 

According to the present invention there is provided a tlow control valve including a body 
member having abore defining a fluid flow passageway, aresiliently-biased piston member 
20 mounted in said passageway for movement relative to the body member in response to tlie 
differential fluid pressure across the valve, said piston member defining an annular 
throttling orifice between said piston member and said bore, wherein at least a portion of 
said passageway has a non-uniform cross-section, such that the size of the annular orifice 
depends on the position of the piston member relative to the body member. 

25 The valve provides a substantially constant tluid flow rate across a wide range of 
differential pressLires, including very low differential pressures when the flow is in tlie 
lamina or transitional regime. The valve is also mechanically simple, and is easy to 
manufacture and reliable in operation. 
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The flow rate of fluid through the valve is of course substantially constant only for 
variations in the differential pressure that lie within a predeteTmined range: i.e. between 
upper and lower operational limits, for example from lOkPa to 250kPa, or from 30kPa to 
450kPa, depending on the chosen design characteristics of the valve. The statement that 
5 the flow rate is "substantially constant" implies that the flow rate is regulated to within a 
tolerance of, for example, ±5%. 

The valve does not rely upon the use of one or more precisely machined geometrically 
complex shaped side orifices and czin therefore be manufactured more cheaply than existing 

1 0 caused by cascading flows are avoided. 

Advantageously, the non-uniform portion of the fluid flow passageway increases in size 
towards an inlet end of said passageway, and is preferably flared or trumpet-shaped. 

Advantageously, the piston member includes a piston head, and said throttling aperture is 
defined between a downstream edge of said piston head and said non-uniform portion of 
15 the fluid flow passageway. The piston head may be substantially cylindrical. 

Advantageously, the piston head has a side wall that defines with the non-uniform portion 
of the fluid flow passageway an annular fluid flow slot^ wherein the length and the area of 
said annular slot depend on the position of the piston member relative to the body member. 

The use of frictional flow resistance as provided by the annular slot gives improved flow 
20 control at low flow rates, 

•Advantageously, the piston member includes a support structure, said support structure 
being mounted for sliding movement in the bore. The piston head may be connected to the 
support structure for movement therewith and extends from said support structure towards 
an inlet end of said valve. The support structure may include a substantially axial fluid 
25 flow passageway. The support structure may be engaged by a resilient biasing member. 

The flow control valve may include a housing in which the body member can be mounted, 
wherein said housing is capable of accommodating interchangeable flow control valve 
cartridges having different fluid flow capacities. 
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An embodiment of the invention will now be described, by way of example, with reference 
to the accompanying drawings, in which; 

Figure 1 is a partially sectional side view of an assembled tlow control valve; 
Figure 2 is a sectional side view of a main body member; 
5 Figiire 3 is a side view of a piston member; 
Figure 4 is a section on line IV-IV of Figure 3; 

Figure 6 is an isometric view of a bottom ring member; 

Figures 7, 8 and 9 are sectional side views showing the valve in a fully open condition, an 
10 intermediate open position and fully closed; 

Figure 10 is a schematic side section illustrating the flow of fluid through the valve, and 

Figure 1 1 is a partial sectional side view, illustrating typical trumpet sizes vs. flow rate. 

The constant flow valve is constructed in the form of a cartridge that, in use, is mounted in 
a housing (not shown). The valve includes a main body member 1, a piston member 2, a 
1 5 compression spring 3 and a bottom ring 4. The dimensions of these components may vary, 
. to provide different predetermined fluid flow rates, and the hoiising may be capable of 
accommodating a range of different cartridges, according to the required flow rate. 

The main body 1 is substantially cylindrical having an inlet end 6 and a outlet end 8. An 
axial bore 1 0 that defines a fluid flow passageway extends longitudinally through the main 
20 body, the bore including an upper portion 1 Oa, a middle portion 10b and a lower portion 
10c. 

The upper portion 10a of the bore is of non-uniform diameter and increases in diameter 
towards the inlet end 6. This upper portion is flared or trumpet-shaped and, in the example 
shown in the drawings, it increases in diameter from approximately 13mm at its lower end 
25 to approximately ISmro at the inlet end. The shape of the flared bore is defined by a 
polynomial progression, as in the bell of a trumpet. 



6 

The middle portion 10b of the bore has a uniform diameter, whic;h in the example is 
approximately 15.5mm. This provides an annular step 12 at the junction between the 
middle portion 10b and the upper portion lOa. 

The lower portion 10c is substantially the same diameter as the middle portion 10b, bat it 
5 includes a screw thread 1 4 that is cut into the cylindrical wall of tlie bore. 

Tlie external surface 16 of the body member is substantially cylindrical, in the example 
having a diameter of approximately 20.5mm. A reduced diameter portion 17 having a 
diameter of approximately 20mm is plDvided towards the inlet end 6, and a groove 18 
having a diameter of approximately 1 9mm extends circumferentially around the middle of 
1 0 the external cylindrical surface 1 6, The reduced diameter portion 1 7 and the groove 1 8 are 
used for mounting the body member 1 in a housing, the groove 1 8 accommodating an O- 
ring (not shown) for sealing the valve against leaks. 

The piston member 2 includes a solid cylindrical head 22 having a circular end face 23 and 
a cylindrical side wall 24, which is connected by two legs 25 to a support structure 26. In 
15 the example, the head 22 has an outside diameter of approximately 12.5mm and a length 
of about 6.5mm. 

The outside diameter of the head 22 is slightly less than the minimum diameter of the flared 
upper bore portion 1 Oa and is located within^ or j ust above, the inlet end 6 of the fluid flow 
passageway, to define an annular throttling orifice 28 between the flared wall of the upper 
20 bore portion 1 Oa and the lower edge 30 of the head 22, The area of this orifice depends on 
the position of the piston member 2 relative to the body member 1 - 

In addition, the cylindrical side wall 24 of the piston head 22 and the flared wall of the 
upper bore portion 1 Oa define an annular fluid flow slot 3 1 , the length and cross-sectional 
area of which depend on the position of the piston member 2 relative to the body member 
25 1 . In the example, the length of this slot can vary from 0mm to 6-5mrn. 

The support structure 26 includes an upper portion 32, a middle portion 34 and lower 
portion 36. An axial bore 38 extends through the support structure 26, to provide a fluid 
flow passageway. 
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The support structure 26 is located within the middle bore portion 1 Ob of the body member 
1 . The upper portion 32 has an outside diameter that is fractionally less than the internal 
diameter of the middle bore portion 10b, allowing the piston member 2 to slide 
longitudinally relative to the main body member 1. Upwards movement of the piston 
5 member 2 is limited by the upper portion 32 of the support structure 26 engaging the step 
12 in the body member 1 , whereas downwards movement is limited by engagement with 
the bottom ring 4. 

The middle portion 34 of the support structure 26 has an outside diameter slightly greater 
tlian the internal diameter of the compression sorins 3, which hfLs a nush fit over that 
10 portion. The lower portion 36 has a slightly smaller diameter, to extend loosely through 
the coils of the spring 3. 

The bottom ring 4 is annular and has an external screw thread 40 that engages the internal 
screw thread 14 in the lower bore portion 10c. A flange 42 extends inwards at the lower 
end of the bottom ring 4, to provide a seat for the lower end of the spring 3. Two 
15 diametrically opposed notches 44 are provided in the flange 42, for engagement by a 
tightening tooL 

In the assembled tlow control valve, at very low differential pressures the piston member 
2 is biased upwards by the compressed spring 3 to the fully open position shown in figure 
7, in which the lower edge 30 of the piston head is approximately level with the inlet end 

20 6 of the upper bore portion 1 Oa. In use^ fluid flows through the valve from the inlet end 6 
to the outlet end 8. The fluid flows past the piston head 22 through the annular throttling 
orifice 28 between the lower edge 30 of the piston head 22 and the flared upf)er bore 
portion 10a. The fluid then passes through the bore 38 in the piston support structure 26 
and the middle and lower bore portions 10b, 10c in the body member 1 before exiting the 

25 valve through the outlet end 8. 

When the differential pressure across the valve increases, the piston member 2 is depressed 
to an intermediate open position, compressing the spring 3, as shown in figure 8. The 
length of the annular slot 31 between the cylindrical wall of the piston head 22 and the 
upper bore portion 10a is thus increased, and the cross-sectiohal area of that slot is 
30 decreased. At the same time, the cross-sectional area of the annular throttling orifice 28 
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between the lower edge 30 of the piston head 22 and the flared upper bore portion 10a is 
reduced. 

With further increases in the differential pressure, the piston mennber 2 is depressed further, 
until it reaches a fully closed position, as shown in figure 9. The length of the annular slot 
5 31 between the cylindrical wall of the piston head 22 and the upper bore portion 10a is 
further increased, and the cross-sectional area of that slot is ftuther decreased and the cross- 
sectional area of the annular throttling orifice 28 is further reduced. 

As the fluid flows through the annular slot 3 1 , frictional losses are incurred, which tend to 
restrict the flow of fluid through the valve. These frictional losses are proportional to the 
1 0 length of the slot and inversely proportional to its length, and therefore increase with the 
differential pressure across the valve, as the piston member 2 is depressed. 

Further, as the fluid flows through the throttling orifice 28, there is a sudden drop in fluid 
flow speed, leading to a pressure drop across the orifice. This pressure drop is inversely 
proportional to the cross-sectional area of the orifice, and therefore increases with the 
1 5 differential pressure across the valve, as the piston member 2 is depressed. 

The flow of fluid through the valve is illustrated in figure 10, which also includes an 
expression relating to the flowrate of fluid through the valve. 

The valve therefore reacts to changes in the differential pressure by opening or closing, to 
maintain a substantially constant flow rate of fluid through the valve, the flow being 
20 controlled both by the pressure drop across the annular orifice 28, and the frictional losses 
in the annular passageway 31 between the cylindrical wall of the piston head 22 and the 
wall of the upper bore portion lOal The combination of these two effects has been found 
to provide a very stable flow rate across a wide range of differential pressures, including 
very low differential pressures. 

25 Various modifications of the invention are possible, some examples of which will now be 
described. 

The valve may be manufactured in different sizes, to provide different flow rates. Figure 
1 1 includes a table showing typical trumpet sizes for different designed flow rates. 
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The strength of the spring may also be varied to provide different designed flow rates. The 
spring may be replaced by another resilient biasing member, for example an clastomeric 
material or a cylinder of compressed gas. Although the valve is preferably made of 
stainless steel, it may also be made of other materials including plastics, ceramics and 
5 composites. Dififerent methods of manufacture may also be employed, including for 
example investment casting and die casting. 
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Claims 

1 . A flow control valve including a body member having a bore defining a fluid flow 
passageway, a resiliently-biascd piston member mounted in said passageway for 
movement relative to the body member in response to the differential fluid pressure 

5 across the valve, said piston member defining an annular throttling orifice between 

said piston member and said bore, wherein at least a portion of said passageway has 
a non-uniform cross-section, such that the $i7.e of the annular orifice depends on the 
position of the piston member relative to the body member. 

2. A flow control valve according to claim 1, wherein the non-uniform portion of the 
1 0 fluid flow passageway increases in size towards an inlet end of said passageway. 

3. A flow control valve according to claim 2, wherein the non-uniform portion of the 
fluid flow passageway is flared. 

4. A flow control valve according to any one of the preceding claims, wherein said 
piston member includes a piston head, and said throttling aperture is defined 

1 5 between a downstream edge of said piston head and said non-uniform portion of the 

fluid flow passageway. 

5. A flow control valve according to claim 4, wherein the piston head is substantially 
cylindrical. 

6. A flow control valve according to claim 4 or claim 5, wherein the piston head has 
20 a side wall that defines with the non-uniform portion of the fluid flow passageway 

an annular fluid flow slot, wherein the length and the area of said annular slot 
depend on the position of the piston member relative to the body member. 

7. A flow control valve according to any one of claims 4 to 6, wherein the piston 
member includes a support structure, said support structure being mounted for 

25 sliding movement in the bore. 

8. A flow control valve according to claim 7, wherein the piston head is connected to 
the support stmcture for movement therewith and extends from said support 
structure towards an inlet end of said valve. 
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9. A flow control valve according to claim 7 or claim 8, wherein the support structure 
includes a substantially axial fluid flow passageway. 

1 0. A flow control valve according to any one of claims 7 to 9, wherein the support 
structure is engaged by a resilient biasing member, 

11. A flow control valve according to any one of the preceding claims, including a 
housing in which the body member can be mounted, wherein said housing is 
capable of accommodating interchangeable flow control valve cartridges having 
different fluid flow capacities. 



12. 

10 



A flow control valve substantially as described herein with reference to and as 
illustrated by the accompanying drawings. 
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Abstract 

FLOW CONTROL VALVE 

A flow control valve includes a body member (1) having a bore (10) defining a fluid flow 
passageway. A resiliently-biased piston member (2) is mounted in said passageway for 
5 movement relative to the body member (1) in response to the differential fluid pressure 
across the valve. The piston member (2) defines an annular throttling orifice (28) between 
said piston member and said bore. At least a portion (lOa) of the passageway has a non- 
uniform cross-section, such that the size of the annular orifice (28) depends on the position 
of the piston member relative to the body member. (Figure 1) 
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